We showed previously that a-eleostearic acid (a-ESA; 9Z11E13E-18:3) is converted to 9Z11E-conjugated linoleic acid (CLA) in rats through a D13-saturation reaction. To investigate this further, we examined the absorption and metabolism of a-ESA in rat intestine using a lipid absorption assay in lymph from the thoracic duct. In this study, we used 4 test oils [tung oil, perilla oil, CLA-triacylglycerol (TG), and pomegranate seed oil, containing a-ESA, a-linolenic acid (LnA; 9Z12Z15Z-18:3), CLA, and punicic acid (PA; 9Z11E13Z-18:3), respectively]. Emulsions containing the test oils were administered to rats, and lymph from the thoracic duct was collected over 24 h. The positional and geometrical isomerism of CLA produced by PA metabolism was determined using GC-electron impact (EI)-MS and 13 C-NMR, respectively; the product was confirmed to be 9Z11E-CLA. A part of a-ESA and PA was converted to 9Z11E-CLA 1 h after administration; therefore the lymphatic recoveries of a-ESA and PA were modified by the amount of recovered CLA. Cumulative recovery of CLA, a-ESA, and PA was lower than that of LnA only during h 1 (P , 0.05), and cumulative recovery of a-ESA and PA was significantly lower than that of LnA and CLA for 8 h (P , 0.05). Therefore, the absorption rate was LnA . CLA . a-ESA ¼ PA. The conversion ratio of a-ESA to 9Z11E-CLA was higher than that of PA to 9Z11E-CLA over 24 h (P , 0.05). These results indicated that a-ESA and PA are slowly absorbed in rat intestine, and a portion of these fatty acids is quickly converted to 9Z11E-CLA.
Introduction
Conjugated fatty acid (CFA) 9 is a generic term used for fatty acids with conjugated double bond systems, as exemplified by conjugated linoleic acid (CLA) (1) . Several CLA isomers exist due to the positional and geometrical isomerism of the conjugated double bonds; the major naturally occurring CLA isomer is referred to as 9Z11E-18:2 ( Fig. 1) (1). CLA was first reported to have an anticarcinogenic effect; subsequently, various physiological effects were also shown, including an antiarteriosclerotic effect and a role in the regulation of lipid metabolism (1) (2) (3) (4) (5) . These CLA activities are associated with the conjugated double bond system. CLA is found naturally and is especially present in ruminant fats such as beef tallow and milk fat (1). However, the CLA level in these foodstuffs is ;1% (wt:wt), thus preventing natural fats from being used as health-promoting foods containing CLA. Therefore, at present, oils that include CLA are prepared from alkali-isomerization of vegetable oils such as safflower oil, and these products are marketed as health supplements (6, 7) .
Conjugated fatty acids other than CLA exist in nature; seed oils of certain plants include conjugated triene fatty acids such as a-eleostearic acid (a-ESA; 9Z11E13E-18:3) and punicic acid (PA; 9Z11E13Z-18:3) at levels of 60-80% (wt:wt) ( Fig.1) (8) (9) (10) (11) . In Okinawa, a region inhabited by the longest-living people in Japan, which is in itself one of the leading countries in the world in terms of life expectancy, people often eat bitter gourds (Momordica charantia). The seed oil of such gourds contains 60% a-ESA (wt:wt) and the flesh contains a small amount of a-ESA. We are particularly interested in seed oils that contain conjugated linolenic acids (CLnA), which are the only conjugated fatty acids that can be prepared from natural sources in bulk. We showed previously that CLnA has a stronger antitumor effect than CLA in vitro and in vivo (9) . a-ESA (which is a CLnA) also has useful physiological effects. We showed that a-ESA, a conjugated triene, is partially saturated at the D13 position and converted to 9Z11E-CLA, a conjugated diene, after administration in rats; the D13-saturation reaction is an NADPH-dependent enzymatic reaction that occurs most rapidly in rat liver and small intestine ( Fig. 1) (8, 12) . However, the characteristics of absorption and metabolism of a-ESA have yet to be clearly determined in vivo, and the absorption and metabolism of a-ESA in the small intestine are particularly unclear. For example, the following issues remain unresolved: the ratio of a-ESA conversion to CLA in the small intestine; whether absorption of a-ESA is higher than that of unconjugated fatty acids and CLA; whether structural differences in conjugated fatty acids affect absorption in the small intestine; and whether the saturation reaction occurs regardless of the structure of the conjugated double bond. CLA and a-ESA have useful physiological functions; therefore it is also important to examine the conversion of a-ESA to CLA in vivo from this perspective. In addition, we were interested in this reaction because it is a rare example of fatty acid metabolism involving saturation of a double bond; hence, we investigated the absorption and metabolism of a-ESA in the rat intestine using a lipid absorption assay in lymph from the thoracic duct. This assay was performed as described previously (13, 14) .
To clarify the absorption and metabolism of a-ESA in rat intestine, we used 4 test oils (tung oil, perilla oil, CLAtriacylglycerol (TG) and pomegranate seed oil): tung oil contains aTG form of a-ESA, and was used as the test oil (Fig.1) ; perilla oil contains a TG form of a-linolenic acid (LnA), which is an isomer of a-ESA, and was used as a control oil; CLA-TG contains a TG form of CLA, and was also used as a control oil (Fig.  1) ; and pomegranate seed oil contains a TG form of punicic acid (PA), and was used as an isomeric comparison for the D13 saturation reaction. In punicic acid, the double bond that potentially undergoes the saturation reaction in rats has a Z configuration, whereas in a-ESA this double bond has an E configuration (Fig. 1) . To confirm that PA was converted to CLA, the structure of the CLA product was determined using GC-electron impact (EI)-MS and 13 C-NMR, as previously reported (12, 15) .
Materials and Methods
Materials. Perilla oil was kindly provided as a gift from Nippon Oil and Fats. Tung oil (Chinese tung oil) and CLA-TG, the triacylglycerol form of CLA prepared from high-linoleic safflower oil, were obtained from The Nisshin OilliO Group. Pomegranate seed oil was prepared at the Plantech Research Institute. Trimethylsilyldiazomethane (10% in hexane, v:v) was purchased from GL Sciences. Sodium methoxide:methanol (1 mol/L) solutions were purchased from Wako Pure Chemicals Industries.
Fatty acid composition of test oils. Perilla oil, CLA-TG, tung oil, or pomegranate seed oil and a known amount of heptadecanoic acid (17:0, Sigma Chemical) as an internal standard were methylated by the addition of sodium methoxide:methanol for 5 min at room temperature, as described previously (15, 16) . Each of the 4 test oils was dissolved in 1 mol/L sodium methoxide:methanol solution. After 5 min of incubation at room temperature, the reaction was stopped by the addition of saturated NaCl solution, and FAME were then extracted with n-hexane and subjected to GC (GC 353B gas chromatograph, GL Sciences) using a flame ionization detector and a Supelcowax-10 fused silica capillary column (60 m 3 0.32 mm i.d., Supelco). Helium was used as the carrier gas. The injector and detector temperatures were 200 and 250°C, respectively, and the column oven temperature was increased by 20°C/min from 50 to 220°C and then held constant for 31.5 min. Peak components were identified by comparing their retention times with those of commercial FAME (Funakoshi). The fatty acid compositions of the 4 test oils are shown in Table 1 .
Cannulation in the thoracic duct of rats. This study was conducted in conformity with the policies and procedures detailed in the Animal Experiment Guidelines of Tohoku University. Surgeries and maintenance of rats and all other procedures were as described previously (13, 14) . Male Sprague-Dawley rats (9 wk old) were obtained from Japan SLC and housed in stainless steel wire-mesh cages in a room kept at 23 6 1°C with a 12-h light:dark cycle. After acclimatization with MF Standard Rodent Chow (Oriental Yeast) and distilled water (free access) for 1 wk as previously described (12), a cannula (SV35, Dural Plastics) was inserted into the left thoracic channel to collect lymphatic fluid and a catheter (SP-55, Dural Plastics) was also inserted in the stomach. After surgery, each rat was placed in a restraining cage in a warm recovery room. A physiological solution containing 139 mmol/L glucose and 85 mmol/L NaCl was infused continuously overnight at a rate of 3 mL/h through the stomach cannula. The same solution was also provided as drinking water. On the next morning, after collection of lymph for 2 h as a blank control, the rats were infused with 3 mL of an emulsion as a 2154 Tsuzuki et al.
single bolus through the stomach catheter. Test emulsions containing 200 mg of the test oils (perilla oil, CLA-TG, tung oil, or pomegranate seed oil), 50 mg of fatty acid-free albumin, and 200 mg of sodium taurocholate were prepared by ultrasonication. After infusion of the emulsions into the rats, infusion of the glucose:NaCl solution was continued. Lymph was collected in an EDTA-containing tube for analysis during the following intervals after test-oil infusion: 0-1, 1-2, 2-3, 3-4, 4-5, 5-6, 6-8, and 8-24 h. After the lymph flow was measured, lymph was stored at 230°C until analysis.
Measurement of fatty acids in lymph. Total lipids from the lymph were extracted by Folch's procedure (17, 18) , and methylated (along with a known amount of heptadecanoic acid as an internal standard) by the addition of trimethylsilyldiazomethane for 30 min at room temperature and sodium methoxide/methanol for 5 min at room temperature, as previously reported (15, 16) . Total lipids in 9 mL of MeOH:benzene (2:7, v:v) were added to 1.3 mmol/L trimethylsilyldiazomethane in n-hexane. After standing for 30 min at room temperature, the reaction mixture was dried under a stream of nitrogen gas, and the dried residue was dissolved in 1 mol/L sodium methoxide:methanol solution. After a 5-min incubation at room temperature, the reaction was stopped by adding saturated NaCl solution. FAME were extracted by n-hexane, and subjected to GC under the same conditions as those described above. Peak components were identified by comparing their retention times with those of commercial FAME, and also by analyzing the corresponding fatty acid dimethyloxazoline derivatives by GC-EI-MS (GCMS-QP5050A, Shimadzu ), as previously described (12) . For the GC-EI-MS analysis, 4,4-dimethyloxazoline (DMOX) derivatives were prepared from the corresponding fatty acids as follows. Total lipids in the lymph were processed to free fatty acids, and the free fatty acids were mixed with 2-amino-2-methyl-1-propanol. The test tube was purged with nitrogen gas, screw-capped, and heated at 170°C. After 30 min, the tube was cooled, and a saturated NaCl solution and n-hexane were added, followed by vigorous shaking. After centrifugation, the hexane phase was dried under a stream of nitrogen gas, and the dried residue was then redissolved in an adequate amount of n-hexane. GC-EI-MS was performed using a GC (GC-17A, Shimadzu) equipped with a Supelcowax-10 fused silica capillary column coupled to an EI-MS (GCMS-QP5050A, Shimadzu). Helium was used as the carrier gas. The injector temperature was 200°C. The oven temperature was programmed to match the temperature used in the corresponding GC analysis described above. The temperature of the ion source was 250°C. Electron impact mass spectra were recorded at 70 eV and analyzed using the CLASS 5000 data system (Shimadzu).
Determination of CLA structure. To determine the positional and geometrical isomerism of the CLA produced by PA metabolism, total lipids in the lymph of pomegranate seed oil-treated rats 1-2 h after administration were converted into methyl ester derivatives (using the method described above), and the compounds were isolated using HPLC, as previously described (12) . The lymph lipid methyl esters were dissolved in hexane, and this solution was fractionated by normal-phase HPLC using an 880-PU pump (Jasco) with an SPD-M10AVP detector (Shimadzu). A ChromSpher Lipids column impregnated with silver (5-mm particle size, 4.6 mm 3 250 mm, Chrompack,) was used. In the first separation, a hexane:acetonitrile (100:0.5, v:v) mobile phase was used, with a flow rate of 1.0 mL/min and detection at 210 nm (all FAME) and 235 nm (fatty acid methyl esters with a conjugated diene). A substance showing a large peak at 235 nm was fractionated, and the collected fraction was purified in a second separation, using a mobile phase with a different composition. In the second separation, a hexane:acetonitrile (100:0.15, v:v) mobile phase was used, with a flow rate of 1.0 mL/min and detection at 210 and 235 nm. The substance showing a large peak at 235 nm was again fractionated. The fraction was collected and dried completely under nitrogen gas, and confirmed to be a single compound using GC. The isolated compound was converted to its 4,4-dimethyloxazoline derivative before being subjected to GC-EI-MS analysis, as described above. The geometrical isomerism of the conjugated double bonds was distinguished easily using 13 C NMR, under conditions similar to those reported previously (12) . The isolated compound was dissolved in CDCl 3 (Wako Pure Chemicals Industries) at a concentration of 1 g/L, and the 13 C NMR spectra were recorded on a Varian Unity 600 spectrometer operating at 150 MHz.
Statistical analysis. Statistical analysis was performed using 1-way ANOVA, followed by a Newman-Keuls test for multiple comparisons among several groups. Differences were considered to be significant at P , 0.05.
Results
The aim of this study was to clarify the absorption and metabolism properties of a-ESA (9Z11E13E-18:3), a conjugated LnA, in the rat small intestine. Tung oil containing the TG form of a-ESA at a level of 76% was used as the test oil (Fig.1,  Table 1 ). Perilla oil containing 62.8% of the TG form of LnA, an isomer of a-ESA, and CLA-TG containing 77.6% of the TG form of CLA were used as controls (Fig. 1, Table 1 ). In addition, pomegranate seed oil containing 74.5% the TG form of PA was used as a comparison sample for the D13 saturation reaction (Fig. 1, Table 1 ): in PA, the double bond undergoing the saturation reaction is in the Z configuration, whereas the same double bond in a-ESA is in the E configuration. CLA was not detected in the tung oil or pomegranate seed oil ( Table 1 ). The total amounts of conjugated fatty acids in the test oils were 0% in perilla oil, 77.6% in CLA-TG, 79.1% in tung oil, and 75.9% in pomegranate seed oil ( Table 1) .
The lymph from the thoracic duct of rats infused with emulsions containing each oil had normal flow properties (Supplemental Figure 1) , confirming that the surgery and maintenance of rats was carried out appropriately. Lymph flow rates did not differ and were 95 6 12, 107 6 17, 99 6 13, and 104 6 24 mL/24 h in the perilla oil, CLA-TG, tung oil, and pomegranate seed oil groups, respectively (Supplemental Figure 1 ).
There were no conjugated fatty acids in rat lymph immediately before administration of the oils, based on GC analysis (Supplemental Figure 2A) . A peak due to the administered oils appeared in the GC of the lymph 1 h after administration (Supplemental Figure 2B-E) . A peak for LnA was apparent in the GC of the lymph of rats administered perilla oil, compared with the lymph before administration (Supplemental Figure 2B) , and peaks for 9Z11E-CLA and 10E12Z-CLA appeared in the GC of the lymph of rats administered CLA-TG (Supplemental Figure 2C ). Similarly, peaks for a-ESA and 9Z11E-CLA appeared in the GC of the lymph of rats administered tung oil (Supplemental Figure 2D) , showing that a-ESA was converted to 9Z11E-CLA in the rat intestine. Peaks for PA and 9Z11E-CLA appeared in the GC of the lymph of rats administered pomegranate seed oil (Supplemental Figure 2E) , suggesting that PA may have been converted to 9Z11E-CLA. To explore this further, the structure of the CLA formed by PA metabolism was determined using GC-EI-MS and 13 C-NMR. To determine the geometrical isomerism of the CLA formed from PA, the CLA was first isolated and purified using HPLC. Total lipids were extracted from the lymph of rats 1 h after administration of pomegranate seed oil, converted to methyl ester derivatives, and analyzed using HPLC. In the first separation, a chromatogram at 235 nm showed a clear peak with a retention time of 6 -7 min due to methyl esters of fatty acids with a conjugated diene, and this peak was isolated. In the second separation, a chromatogram at 235 nm showed a large peak with a retention time of 16-17 min, and this peak was also isolated. In subsequent GC analysis, the contents of the isolated HPLC peak appeared as a single peak, confirming that a pure Absorption of conjugated linolenic acid 2155 compound had been isolated. Based on the retention time, the compound was determined to be 9Z11E-CLA or 9E11Z-CLA.
The methyl ester of the isolated CLA was converted to its DMOX derivative and analyzed using GC-EI/MS, in which a fragment due to the presence of a conjugated double bond was apparent. The GC-EI-MS spectrum of the DMOX derivative of this CLA had a molecular ion with an m/z ratio of 333, and fragments of m/z 182 and 262, due to allylic cleavage of the fatty acid chain. Furthermore, the mass spectrum exhibited a mass difference of 12 units between fragments of m/z 196 and 208, and between fragments of m/z 222 and 234, indicating the presence of conjugated double bonds at carbon atoms 9 and 11. In the 13 (12); the chemical shifts for C-8 to C-13 were consistent with data for the 9Z11E-CLA methyl ester, confirming that the CLA isolated from rats administered pomegranate seed oil was indeed 9Z11E-CLA.
LnA was present in lymph collected from 22 h to 0 h (Supplemental Figure 2) . Therefore, the recovery of LnA in lymph 0-24 h after administration was corrected by the amount of LnA in the lymph collected from 22 h to 0 h. With this correction, the lymphatic recovery of LnA in perilla oil-treated rats was 78% 8 h after administration and 91% after 24 h (Fig. 2A) ; therefore, almost all administered LnA was recovered. Similarly, the lymphatic recovery of CLAs in CLA-TG-treated rats was 71% 8 h after administration and 93% after 24 h (Fig. 2B) . The lymphatic recovery curve for 9Z11E-CLA and 10E12Z-CLA in CLA-TG-treated rats was almost the same, showing that the absorption rates for these CLAs did not differ. Because a-ESA is converted to 9Z11E-CLA, the lymphatic recovery of a-ESA in tung oil-treated rats was taken as the total of recovered a-ESA and 9Z11E-CLA; based on this assumption, the lymphatic recovery of a-ESA in tung oil-treated rats was 54% 8 h after administration and 91% after 24 h (Fig. 2C) : 72% of the a-ESA administered to rats was recovered unchanged, and 19% was collected as 9Z11E-CLA due to metabolism of a-ESA; therefore, ;21% of the a-ESA absorbed in rats was converted to 9Z11E-CLA. PA was also converted to 9Z11E-CLA in vivo, and therefore the lymphatic recovery of PA in pomegranate seed oiltreated rats was taken as the total of recovered PA and 9Z11E-CLA. The lymphatic recovery of PA in pomegranate seed oil-treated rats was 53% 8 h after administration and 90% after 24 h (Fig. 2D) : 79% of the PA administered to rats was recovered unchanged, and 11% was collected as 9Z11E-CLA converted from PA; therefore, ;12% of PA absorbed in rats was converted to 9Z11E-CLA. Overall, the results show that most of the LnA, CLA, a-ESA and PA administered was absorbed within 24 h.
The cumulative recovery of LnA, CLA, a-ESA, and PA in the lymph was compared at each time point (Fig. 3A) . Recovery of CLA in the thoracic duct lymph of rats infused with CLA-TG was less than that of LnA in the thoracic duct lymph of rats infused with perilla oil for h 1 only (P , 0.05); recovery of CLA was 73% that of LnA in h 1, but cumulative recoveries of CLA and LnA were similar for all other times. Because a-ESA and PA were partly converted to 9Z11E-CLA, the cumulative recovery of a-ESA or PA in tung oil or pomegranate seed oil-treated rats was taken to be the total of 9Z11E-CLA and a-ESA or PA. The recovery of a-ESA1CLA and PA1CLA did not differ at any time point. The recovery of a-ESA and PA was lower than that of LnA and CLA after 8 h (P , 0.05): recovery of a-ESA was 69% that of LnA and 76% that of CLA, and recovery of PA was 68% that of LnA and 75% that of CLA. The cumulative recovery after 24 h did not differ among the four groups.
The lymphatic recovery of LnA, CLA, a-ESA, and PA were calculated again to compare for each interval (Fig. 3) . There was a significant difference among recoveries in the 4 groups for the 0-1 h interval, as described above (Fig. 3A) . Recovery of a-ESA and PA was significantly greater than that of LnA and CLA in the 8-to 24-h interval (P , 0.05, Fig. 3B ); in this interval, lymphatic recovery of a-ESA was 293% that of LnA and 170% that of CLA, and the lymphatic recovery of PA was 294% that of LnA and 170% that of CLA. The 4 groups did not differ for any other intervals. Overall, these results show that the absorption rates of CLA, a-ESA, and PA were lower than that of LnA: the final order of absorption rates was determined to be LnA . CLA . a-ESA ¼ PA. Next, the lymphatic recovery of a-ESA and PA were calculated again for a comparison at each time point (Fig. 3C) . The cumulative recoveries of a-ESA and PA did not differ until 8 h, but the cumulative recovery of PA was higher than that of a-ESA after 24 h (P , 0.05): 72 and 78% for a-ESA and PA, respectively. The ratios of conversion of a-ESA and PA to 9Z11E-CLA were also compared (Fig. 3D) . The conversion ratio did not differ until 6 h, but the conversion ratio of a-ESA was higher than that of PA after 8 h (P , 0.05), and these ratios were 19 and 11% for a-ESA and PA, respectively, after 24 h. Therefore, a-ESA is converted to 9Z11E-CLA 1.6 times higher than the conversion of PA, and unchanged PA remains at a higher concentration than unchanged a-ESA after administration to rats.
Discussion
Measurement of the fatty acid content in the thoracic duct lymph from rats administered various oils was conducted to examine the absorption and metabolism properties of conjugated linolenic acids (a-ESA and PA), which occur naturally in large amounts in rat intestine. It was first confirmed that the PA contained in pomegranate seed oil was metabolized to 9E11Z-CLA in rat intestine. In our previous study, CLA was detected in rats administered a-ESA, and the molecular structure of this CLA was determined to be 9Z11E-18:2 using GC-EI-MS and 13 C-NMR (12) . Hence, it is likely that PA, which also contains a conjugated triene system (9Z11E13Z), might be converted to 9Z11E-CLA, similarly to a-ESA (which contains a 9Z11E13E conjugated triene system). Using GC, was isolatedthe peak due to CLA in lymph from rats administered pomegranate seed oil (Supplemental Figure 2) ; this peak reflected CLA formed by the metabolism of PA present in the oil. The CLA was purified using HPLC and its structure was determined using GC-EI-MS and 13 C NMR (12) . This analysis showed that the CLA from the metabolism of PA was of the 9E11Z-18:2 form, suggesting that PA can be used as a source of 9E11Z-CLA in vivo, similarly to a-ESA.
In our previous study, very little a-ESA was detected in the plasma and liver of rats fed a diet including 1% a-ESA for 1 mo, but CLA was detected (8) . In addition, 9E11Z-CLA was detected in rat tissues (plasma, liver, kidney, and small intestine mucosa) a short time (3 h) after oral administration of a-ESA, and 9E11Z-CLA was detected in rat tissues (plasma, liver, kidney, and small intestine mucosa) of germ-free rats 6 h after a-ESA administration, suggesting that most of the a-ESA was converted to 9E11Z-CLA through a D13-saturation reaction in the small intestine (12) . However, in the current study of thoracic duct lymph from rats, ;70% of the a-ESA administered was absorbed as unchanged a-ESA without conversion to 9E11Z-CLA (Figs. 2  and 3 ). In our previous study, we showed that the D13-saturation reaction occurs not only in the small intestine but also in the liver and the kidney (12) . Therefore, our results suggest that the majority of a-ESA administered to rats is absorbed as a-ESA, and then converted to 9E11Z-CLA in organs such as liver and kidney, although some a-ESA is converted to 9E11Z-CLA in the small intestine. Using nude mice with transplanted tumor cells (9), we also showed previously that a-ESA suppresses the growth of cancer cells more strongly than does 9E11Z-CLA,. The difference in bioactivation of a-ESA and 9E11Z-CLA was difficult to explain after this observation because we thought that the majority of a-ESA would be converted to 9E11Z-CLA after oral administration. However, the current results suggest that intact a-ESA may reach the cancer cells because the majority of a-ESA is absorbed in an unchanged state, which leads to stronger suppression of cancer growth upon administration of a-ESA, compared with 9E11Z-CLA. Moreover, because the majority of PA administered to rats was absorbed as unchanged PA without conversion to 9E11Z-CLA, PA may also exert a physiological action different from that of CLA (Figs. 2 and 3) . PA was reported to have useful physiological functions, but a comparison with CLA has not been made (10, 11) ; however, our results suggest that the potential utility of PA should not be disregarded.
The conversion of a-ESA to 9E11Z-CLA was greater than that of PA (Figure 3 ). Using rat tissue homogenates, we showed previously that this conversion is due to an NADPH-dependent enzyme reaction (12); therefore, it is possible that the difference in conversion rates of a-ESA and PA was due to substratespecific effects of this enzyme. The double bond at the D13 position of a-ESA is an E-isomer, whereas that in PA is a Z-isomer (Fig. 1) , and the double bond may more easily undergo enzymatic D13-saturation when in an E configuration. The enzyme responsible for the D13-saturation reaction is probably a type of Absorption of conjugated linolenic acid 2157 oxidoreductase because it is NADPH dependent and able to saturate (reduce) double bonds. With a-ESA, this reaction proceeded rapidly until completion, i.e., until the a-ESA substrate is almost completely absent and a large amount of CLA product has accumulated, suggesting that the enzyme should be classified as part of the drug metabolism system, and not as part of the b-oxidation enzyme group, in the fatty acid metabolic pathway (8, 9) . Leukotriene (LT) B 4 ) a known activator of leukocytes, contains a conjugated triene structure, and although v-oxidation is the major deactivation pathway of LTB 4 in leukocytes, another pathway proceeding by reduction of conjugated double bonds has been reported (19) (20) (21) . In the reductive pathway, LTB 4 is converted to 12-oxo-LTB 4 by LTB 4 12-hydroxydehydrogenase, which is distributed in various porcine tissues and leukocytes (19, 20) . 12-oxo-LTB 4 is converted further into 10,11,14,15-tetrahydro-12-oxo-LTB 4 (conjugated dienoic acid) by another enzyme, which has yet to be identified (19) (20) (21) . Therefore, we speculate that either a novel enzyme recognizing conjugated trienoic acids or the enzyme active in the LTB 4 reductive pathway may convert a-ESA (a conjugated triene) to CLA (a conjugated diene) through D13-saturation (reduction).
Our previous study and other studies showed that the 9Z11E-CLA concentration is always significantly higher than the 10E12Z-CLA concentration after administration of these compounds to mice and rats (8, 9, 22) . We thought initially that the structural difference in the conjugated double bond in these isomers affected absorption in the small intestine; however, in the current study, there was no difference in lymphatic recovery of 9Z11E-CLA and 10E12Z-CLA after CLA-TG was administered to rats (Fig. 2) , suggesting that geometrical and positional isomerism of the conjugated double bond did not influence absorption. An alternative explanation is that 10E12Z-CLA is more easily metabolized than 9Z11E-CLA after administration of equal amounts of these compounds to rats, and it was reported that 10E12Z-CLA more strongly activates the b-oxidation system, compared with 9Z11E-CLA (23) (24) (25) (26) . Lymphatic recovery of the conjugated fatty acids (CLA and CLnA) was significantly lower than that of the unconjugated fatty acid (LnA) 1 h after administration, and this difference showed a tendency to persist for 8 h after administration (Fig. 3) . However, the lymphatic recovery of the 4 fatty acids did not differ 24 h after administration (Fig. 3) ; the appearance of this difference in lymphatic recovery only at an early time point (Fig. 3) suggests that conjugated fatty acids remain in small intestinal cells for a longer time than unconjugated fatty acids. The times for which 50% of LnA, CLA, a-ESA, and PA in each test oiltreated rats were secreted in the lymph are: 3.4, 4.0, 6.9, and 7.3 h after administration, respectively (Fig. 2) . Thus, it was shown that the time for a-ESA and PA to pass through the small intestine was double that of LnA. It is unlikely that there is a large difference among samples in the absorption rate in the small intestine because the test oils were administered in the triglyceride form. Conjugated fatty acids obstruct the movmen of apolipoproteins, making them move more slowly to chylomicrons compared with unconjugated fatty acids, before secretion into the lymph. Furthermore, lymphatic recovery of conjugated triene fatty acids (a-ESA and PA) was significantly lower than that of CLA 1 h after administration, and this difference tended to persist for 8 h after administration (Fig. 3) . The difference in absorption of CLA and conjugated triene fatty acids may be due to greater conversion of conjugated triene fatty acids to CLA; because conjugated triene fatty acids are slowly secreted from the small intestine, they have sufficient time to undergo the D13-saturation enzyme reaction. The lymphatic recovery of LnA, CLA, a-ESA, and PA in rats treated with each test oil was $90% 24 h after administration (Fig. 2) . This results show that most of the LnA, CLA, a-ESA, and PA administered was absorbed in 24 h.
A high-energy, high-fat diet is a risk factors for colon carcinoma, and mortality due to this disease is increasing annually. In contrast, development of colon carcinoma can be prevented and progress of the disease can be slowed by altering the composition of the diet; therefore, effectual measures for cancer prevention can be taken through diet modification. Compared with other CLA isomers, 9Z11E-CLA has few side effects (23) (24) (25) (26) , and because a-ESA and PA are quickly converted to 9Z11E-CLA in vivo, it is likely that side reactions of a-ESA and PA will also be minor. Therefore, the addition of a-ESA and PA to foods as cancer preventative agents may be a useful strategy in the future. However, CLA is present in natural sources in only minute amounts, and it is extremely difficult to purify this compound from such sources. Furthermore, it is difficult to separate CLA isomers prepared by alkali isomerization in bulk. On the contrary, a-ESA can be purified relatively easily from tung oil and bitter gourd seed oil because these oils contain CLnA as almost their only component; similarly, PA can be purified relatively easily from pomegranate seed oil because this oil essentially contains CLnA as a single component. Therefore, safety tests and functional evaluation can be performed using these oils, and because a-ESA and PA are present in plant seeds in such large amounts, they can act as a source of 9Z11E-CLA after metabolism, providing the physiological activities of conjugated unsaturated fatty acids. Therefore, once the safety of a-ESA and PA is confirmed, these fatty acids may have value as health food supplements.
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